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Appendix R. Fluid Compressibility
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Scope

The investigation team reviewed real-time data and witness accounts to determine if the volume
measurements during the negative-pressure test exceeded expected values based on calculated
compressibility of seawater and synthetic oil-based mud (SOBM) in the wellbore.

Finding

At the start of the negative-pressure test, the drill pipe pressure was 1,200 psi. The pressure in the
drill pipe was bled off to atmospheric conditions, and approximately 15 bbls of seawater flowed
from the drill pipe at 17:27 hours on April 20, 2010.

The wellbore system (comprising the drill pipe in the riser, the kill line and the wellbore) contained
477 bbls of seawater and 508 bbls of SOBM. The volume of fluid expected to be recovered from
the system is equivalent to the volume of fluid required to increase the pressure on the system.

The calculated volume required to compress 477 bbls of seawater to 1,200 psiis 1.7 bbls. The
calculated volume required to compress 508 bbls of SOBM to 1,200 psi is 2 bbls. (Refer to Figure
1 and Figure 2). Therefore, the calculated total volume to compress the system to 1,200 psi is

3.7 bbls, but 15 bbls were recovered.

Conclusion

The investigation team concluded that if approximately 15 bbls of fluid were recovered from the
system, well inflow had to have been present, since the calculated compressibility of the system
was 3.7 bbls.
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Appendix R. Fluid Compressibility Calculation

MiSWACO.- Quick Fluid Compressibility

(effect of temperature not accounted for)

Inputs: |Mc 252 Seawater Compressibility for 1200 psi for negative test

IPercem Water From Retort 100.0 % Casing Annular Volume 170.0 Ibb!s
|Percent Synthetic From Retort 0.0 J% Drill String Volume 207.0 Joors
|Percent Solids From Retort 0.0 % Kill Line Volume 100.0 Jobis
|Estimated Test Pressure 1200 Josi Total Hole Volume 477.0 |ewpbrs
|Base Oil Type ( 1 for Diesel, 2 for Syntheti{ 2

Results: |

Number of Barrels that will Compress durmg Leak Off Test 1.7 Ibhls

[Rig Hand Rule of Thumb Compression 0.000003xPSIXBBLS 1.7 |bbis

Ce= C,F,, + CqyFyyy + CooiF sy 0.000003000000 |Psi”*

Where, ™0.000005060000 | compressibility factor

Ce= effective (fluid) compressiblity, psi”

C.= water compressibility = (3.0 x 10%) dp/dv  =1I/(V bbl x C, psi™)

C bo2= synthetic compressibility = (5.06 x 10™) 698.81 psi/bbl

C bo1= diesel compressibility = (4.56 x 10%) 1.60615 Static Density + MW
C..= solids compressibility = (0.2 x10%) 8367 TVD

Figure 1. Seawater Compressibility Calculations.

M SME},?/ Quick Fluid Compressibility

(effect of temperature not accounted for)

Inputs: IMC 252 SOBM Compressibility for 1,200 psi Negative Test

Percent Water From Retort 200 % Prod Csg Volume of SOBM 508.0 |obis
Percent Synthetic From Retort 53.0 % Drill String Volume 0.0  |oois
Percent Solids From Retort 27.0 % Open Hole Volume 0.0 |obis
|Estimated Test Pressure 1200 |Jpsi Total Hole Volume 508.0 |t bbis
|Base Oil Type ( 1 for Diesel, 2 for Synthetij 2

Results: |

Number Of Barrels that WIII Compress durlng Leak Off Test 2.0 Ibbls

Rig Hand Rule of Thumb Compress:on 0.00003xPSIxBBLS 1.8 |bbis
Ce=C,F,, + C,Fyn + CooiFsar 0.000003335800 [psi”

Where, 0.000005060000 [compressibility factor

Ce= effective (fluid) compressiblity, psi”

.~ water compressibility = (3.0 x 10°) dp/dv  =1/(V bbl x C_ psi”)

C bo2= synthetic compressibility = (5.06 x 10™) 500.11 psilbbl

C bo1= diesel compressibility = (4.56 x 10™) 0.61999 Static Density + MW
C.o= solids compressibility = (0.2 x10°%) 18304 TVD

Figure 2. SOBM Compressibility Calculations.
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